The current study is conducted to investigate efficacy of the chemotherapy drug paclitaxel in combination with Avastin (Roche Diagnostics GmbH., Mannheim, Germany) (antiangiogenic agent) in treatment of malignant pleural effusions (MPEs).
Introduction
Malignant pleural effusion (MPEs) are a common clinical problem in patients with primary thoracic malignancy and metastatic malignancy to the thorax. [1] [2] [3] Median survival following diagnosis ranges from 3 to 12 months and is dependent on the stage and type of the underlying malignancy. [4] Since the presence of MPEs generally indicates that the malignancy cannot be cured by surgery, the goal of treatment for MPEs is to relieve the symptom of breathlessness. [5] For this reason, careful consideration of the patient's expected survival and quality of life is needed when deciding the optimum treatment modality in such patients. Options for management of MPEs mainly include repeated therapeutic thoracentesis, indwelling pleural catheter (IPC), and chemical pleurodesis. [6] Avastin (Roche Diagnostics GmbH., Mannheim, Germany) is a monoclonal antibody that blocks angiogenesis by inhibiting vascular endothelial growth factor (VEGF). [7] Avastin works as a tumor-starving (antiangiogenic) therapy to control the growth of new blood vessels around and inside of tumor tissues. [8] VEGF, also known as vascular permeability factor, is a potent inducer of capillary permeability and has been demonstrated at a high level in the exudative pleural effusions. [9] VEGF is believed to function as a tumor angiogenesis factor being mitogenic for endothelial cells and has a potential pathogenic role in the development of pleural effusions. [10] In this era of targeted therapies for MPEs, inhibiting angiogenesis seems logically considerable.
In this study, efficacy of the chemotherapy drug paclitaxel in combination with Avastin in treatment of MPEs was examined in the non-small cell lung cancer (NSCLC) patients based on the consideration that Avastin is an angiogenesis inhibitor that may reduce the growth of new blood vessels through inhibiting the VEGF production. [11] Our result indicated that intervention of Avastin may obviously improve efficacy of the anticancer drug paclitaxel in treatment of MPEs through inhibiting VEGF production and increasing the time length of the drug remaining within the diseased tissues.
Patients and methods

Patients and inclusion criteria
We recruited 24 NSCLC patients required for treatment of MPEs in the period from January 2013 to September 2015. Clinical characteristics of these patients and the results of statistical analysis are shown in Table 1 . Major inclusion criteria selected for this study were all patients histopathologically diagnosed with adenocarcinoma at the stages of IV-M1a or IV-M1b according to the International Association for the Study of Lung Cancer [12] ; Karnofsky Performance Status ≥60 [13] ; MPE demonstrated by the identification of malignant cells in pleural fluid due to metastases originating from the tumors in the lung; pleural fluid volume estimated by using a combination method of chest radiography, computer technology (CT) scan, and B-ultrasound scan of chest; no abnormal findings on electrocardiography, bone marrow, liver and kidney function tests; no allergic reaction to 2 chemotherapy drugs-paclitaxel and Avastin.
The study has been approved by the Ethics Committee of the First Affiliated Hospital, Chinese PLA General Hospital; the Ethics Committee also approved the related screening, treatment, and data collection from these patients based on the experimental design and analysis of clinical outcome. The methods were carried out in accordance with the approved guidelines and performed according to the Declaration of Helsinki. All subjects signed written informed consent forms for this study. This statement explicitly states that "informed" consent was obtained from subjects' families.
Therapeutic approach
The subjects were randomly assigned to individual treatments by 2 treatment methods. Oral dexamethasone (20 mg), intramuscular diphenhydramine (40 mg), and intravenous omeprazole (40 mg) were given before treatments of paclitaxel (Gorden Pharma Latina S.P.A. Sermoneta, Italy) and Avastin. Ten patients slowly received intrapleural infusion of paclitaxel (175 mg/m 2 ) dissolved in 500 mL of 0.9% saline solution, and 14 patients were treated with the same dose of paclitaxel after an intrapleural injection of Avastin (5 mg/kg) in 100 mL of the solution once every 3 weeks for 12 consecutive weeks. To ensure equal distribution of the drugs in the pleural cavity, a body position of the patients required to be turned over at an interval of 15 minutes within an initial 2 hours after the treatments.
The pigtail catheter (Suzhou Jingxin Medical Supplies Co., Ltd., Suzhou, China) was applied to the patients with MPEs for chest drainage and infusion of drugs. All procedures were done at the bedside with the B-ultrasound guidance. Salient technical aspects of pigtail catheter insertion included appropriate use of local anesthetic and needle insertion to avoid the intercostal bundle. We typically employed a small needle (16 ga) before inserting the larger one provided with the kit. In this way, pleural fluid was easily withdrawn with the needle, and passage of the guidewire into the pleural space would be virtually effortless. There are 6 side holes at the distal end of the catheter. With an adequate insertion of the pigtail, the sideholes were well within the pleural cavity for proper function. The pigtail catheter was attached to a standard thoracic drainage system, and suction was applied for treatment of pleural fluid. Furthermore, IPC may benefit intervention of current drugs.
Observation of clinical efficacy and survival rate
Efficacy of the drugs in treatment of MPEs was assessed according to clinical manifestations and imaging techniques of chest radiographs and CT scan made by American Thoracic Society. [3] The standards of drug efficacy evaluation include complete relief (CR) and absence of pleural effusions with symptom of dyspnea significantly improved; incomplete relief (IR), <50% of an initial volume of MPE with the degree of dyspnea alleviated; treatment failure, MPE level >50% of the initial finding or fluid drainage required within 2 months following the initiation of therapy; overall efficacy (OE) defined as CR + IR in treatment of MPE.
Survival rates of the treated patients were examined with 1-year follow-up after treatment. The numbers of survivors were expressed as a percentage of population proportion in each group of the patients.
Analyses of pharmacokinetics
Since a drug's bioavailability can be defined as the proportion of the drug that reaches its site of action, pharmacokinetic (PK) modeling is performed by a noncompartmental method which may estimate the exposure to a drug by calculating the area under the curve of a concentration-time graph. Maximum observed concentration (Cmax), a half-life (T1/2a) for apparent volume of drug distribution, elimination half-life (T1/2b), and mean residence time (MRT) for the paclitaxel treatment were analyzed. Alpha phase: an initial phase of rapid decrease in the fluid concentration. The decrease is primarily attributed to drug distribution from the pleural fluid into the target tissues. Beta phase: a phase of gradual decrease in the drug concentration in the fluid after the alpha phase. The decrease is primarily attributed to drug metabolism and excretion. The calculations of PK parameters were performed by using the software DAS 2.0 (Mathematical Pharmacological Professional Committee of China, Beijing, China).
Observation of adverse events
An adverse event is any unfavorable and unintended sign (including an abnormal laboratory finding), symptom, or disease temporally associated with the use of a medical treatment. The event is a term that is a unique representation of a specific event used for medical documentation and scientific analyses. Side effects of the drugs in treatment of MPE were classified according to Common Terminology Criteria for Adverse Events (CTCAE) v3.0. The CTCAE v3.0 may display grades 1 through 5 with Table 1 Clinical characteristics of the investigated patients.
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Medicine unique clinical descriptions of severity for each event based on this general guideline of 1-mild, 2-moderate, 3-severe, 4-life-threatening or disabling, and 5-death related to the events.
Collection of samples and analysis of highperformance liquid chromatography
Following treatments with paclitaxel in combination with and without Avastin, 3.0 mL of pleural effusion fluid was collected at different time points of 0.5, 1, 2, 4, 6, 8, 12, 24.0, 48.0, and 72 hours, respectively. Urinary specimens were obtained at the time point of 24 hours after treatment. The supernatants of the samples were prepared with centrifuge (3000 r/min Â 5 minutes) at 4°C for the PK analysis of drug concentration. All samples were placed in sealed tubes and stored at À20°C until use. High-performance liquid chromatography (HPLC) was used to separate, identify, and quantify drug paclitaxel level in the collected specimens. The preparation of sample mixtures was finished by following the manufacturing introduction (Dikma Co, Beijing, China). Briefly, a Dikma Diamonsil C18 analytical column (4.6 mm ID Â 150 mm length for a particle size of 5 mm) was applied to measure paclitaxel level in the pleural fluid and urine samples. The sample was dissolved in the eluent containing methanol, acetonitrile, and water (40:34:26, v/v/v), and then it was injected into HPLC system about 50 mL. The component of drug paclitaxel was isocratically eluted at a flow rate of 1 mL/min at 30°C. All data were analyzed at a wavelength of 228 nm.
Measurement of serum VEGF level
Peripheral venous blood samples were drawn into sterile glass tubes. Blood samples were allowed to coagulate at room temperature for 30 minutes and centrifuged at 2000 Â g for 10 minutes. Serum VEGF levels were determined according to the manufacturer's directions. Briefly, this assay employed the quantitative sandwich enzyme immunoassay technique with monoclonal antibodies, specific for VEGF precoated on to a microplate. Standard controls and samples were pipetted into the wells in duplicate. After growth factor binding and washing, an enzyme-linked antibody specific for VEGF was added to each well. Optical density was measured at 450 nm using a microtiter plate reader (MR 5000, Dynatech Laboratories, Chantilly, VA).
Statistical analyses
Values were expressed as a percentage of distribution of the data from the investigated patients and mean ± standard error on some of the results, respectively. Statistical analysis was performed using Statistical Package for the Social Science (SPSS, version 13.0, SPSS Inc., Chicago, IL, USA). Comparisons from groups with individual measurements were performed by Student paired t test in between 2 groups. The chi-square test ( x 2 ) was conducted to analyze the significance of a parameter within groups. A P value <0.05 was considered significant.
Results
Efficacy of paclitaxel plus avastin in treatment of pleural effusion
Twenty-four NSCLC patients with MPEs received intrapleural infusion of paclitaxel in presence and absence of Avastin. The pleural fluid level and the degree of dyspnea were used to validate effects of the drugs on the patients. OE and survival rates were expressed with a change of percentage in each treatment approach, and the results are shown in Fig. 1 . A combination therapy of paclitaxel and Avastin significantly reduced the pleural fluid level and alleviated the symptom of dyspnea with an OE rate of 78.6% in the treated patients (Fig. 1A) . In contrast, only 50% patients in the paclitaxel-treated cohort displayed the rate. Clinical efficacy of the combination therapy was more potent than paclitaxel used alone with a 29% increase in the rate in the investigated population. In terms of survival rates of 1-year follow-up (Fig. 1B) , population proportion of survivors was larger in the Avastin-treated patients (45.8%) than in the paclitaxel-treated patients (20.8%). There were statistical differences in these observations between the treatments with and without Avastin (x 2 test, both P < 0.05).
Distribution pattern of time concentration of paclitaxel in pleural fluid
A drug's effect is often related to its concentration at the site of action, so it would be useful to monitor this concentration-effect relationship. Contents of paclitaxel in pleural fluid were determined in presence and absence of Avastin. Actual values for the changes in the pleural concentrations of paclitaxel were plotted against specific time points within an entire observation of 72 hours. The profile regarding the concentration-time curves of paclitaxel in combination with and without intervention of Avastin is shown in Fig. 2 . Though both concentration-time curves declined with prolonging time courses, the curve of paclitaxel with Avastin sharply decreased as compared to that without the use of Avastin. In further analysis, the test for treatment efficacy and survival rates showed a P value <0.05 between the patients treated with and without Avastin.
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Pharmacokinetic analysis of paclitaxel in pleural fluid
Individual PK parameters for the paclitaxel treatment were determined at the time point of 72 hours in presence (n = 14) and absence (n = 10) of Avastin. The results are shown in Fig. 3 . Cmax (mg/mL) for paclitaxel exhibited a similar change in the pleural fluid samples in presence and absence of Avastin. The average values were 735.82 ± 10.95 and 703.72 ± 14.15 in the paclitaxeland the paclitaxel/Avastin-treated patients. There was a no significant difference in the Cmax value between these 2 treatment approaches. T 1/2 a (hour) of paclitaxel in the fluid samples was measured for their volume of distribution, and the average values were shown as 4.58 ± 0.45 and 0.83 ± 0.05 in the paclitaxel-and the paclitaxel/Avastin-treated patients. There was almost a 5.5-fold decrease in the value of T 1/2 a with a statistical difference seen between the treatments with and without Avastin (P < 0.01). T 1/2 b (hour) of paclitaxel was determined for its elimination from the pleural fluid, and the results displayed a 3-fold increase in the paclitaxel/Avastin-treated patients as compared to the paclitaxel-treated ones. The average values for the treatments were 17.41 ± 1.12 and 51.35 ± 3.67 in the paclitaxel-and the paclitaxel/Avastin-treated patients, respectively. There was a significant difference in the measurements between these 2 treatment approaches (P < 0.01). Following the intrapleural administration of the drugs, MRT (hour) of paclitaxel was calculated in the fluid, and the average values were manifested as 27.08 ± 1.12 and 65.78 ± 4.90 in the paclitaxel-and the paclitaxel/Avastin-treated patients. In contrast, there was a 2.4-fold increase in the value of MRT in the paclitaxel/Avastin-treated patients as compared to that in the paclitaxel-treated patients. There was a statistical difference in the observation between these 2 treatments (P < 0.01).
Changes in serum VEGF level
Serum VEGF levels before and after the 2 treatment approaches were determined in presence (n = 14) and absence (n = 10) of Avastin. The results are shown in Fig. 4 . Average values for VEGF concentrations (pg/mL) before and after the treatment were 124 ± 4.9 and 119.8 ± 6.9 in the paclitaxel-treated patients and 132 ± 5.8 and 64.3 ± 3.3 in the Avastin-treated ones, respectively. There were statistical differences in these measurements between either before and after treatment of Avastin or after the 2 treatment approaches (both P < 0.01).
Excretion rate of paclitaxel in urine
Urinary excretion rates for the paclitaxel treatment were examined in presence (n = 14) and absence (n = 10) of Avastin, and the results are shown in Fig. 5 . An excretion test was performed on 24-hour urine collections, and a similar change in the urinary excretion rate was detected in the collected specimens from the patients treated with and without Avastin. The average values (%) for the excretion rates of the drug were shown as 22% and 15% in the paclitaxel-and the paclitaxel/Avastin-treated patients, respectively. In contrast, there was no significant difference in the excretion rates between these 2 treatment approaches.
Analysis of adverse events
Adverse events for the paclitaxel treatment were examined in presence (n = 14) and absence (n = 10) of Avastin according to CTCAE v3.0, which is a descriptive terminology utilized for adverse event reporting. Data are calculated with a percentage of a population proportion for each treatment response, and the results are shown in Fig. 6 . The most common adverse events included chest pain, low blood counts (red white cells and platelets), nausea/vomiting, diarrhea, and bleeding during the period of treatment. Severity of the side effects generally presented in a range of the grades 1 to 2. In contrast, the symptoms of low white blood cells, nausea/vomiting, and chest pain constituted a relatively large proportion in the study cohort with 50%, 38%, and 37% in the paclitaxel-treated patients and 50%, 50%, and 20% in the paclitaxel/Avastin-treated ones, respectively. However, incidence (%) of the adverse effects was 
Discussion
To explore optimization therapy initiatives of chemotherapy drugs in management of MPEs, an antineoplastic agent in combination with Avastin was applied for the NSCLC patients in this retrospective study. The combination therapy of paclitaxel and Avastin resulted in significantly reducing pleural fluid volume with a success rate of 29% over the single treatment of paclitaxel in the investigated cohort. In addition, the numbers of survivors showed an obvious increase by 25% in the Avastin-treated patients over the paclitaxel-treated ones. These results indicated Figure 6 . Adverse events by 2 treatment approaches. Side effects for the paclitaxel treatment were observed in presence (n = 14) and absence (n = 10) of Avastin. Most common adverse events for each treatment response are expressed with a percentage of the positive population proportion in the study cohort. A x 2 test showed a P value >0.05 between the 2 treatment approaches. Figure 5 . Urinary excretion rate of paclitaxel. A 24-hour urinary excretion rate for the drug paclitaxel was performed in presence (n = 14) and absence (n = 10) of Avastin. The results regarding the excretion rate of the drug (black) and the drug remained in body (white) were expressed as a percentage of the drug eliminated from the study cohort. A x 2 test showed a P value >0.05 between these 2 treatment approaches.
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Avastin-mediated interference with VEGF signaling was sufficient. Moreover, therapeutic thoracentesis with the IPC was feasible as a procedure for administration of consecutive drugs to reduce the presence of MPEs. Since the lung cancer especially associated with MPEs indicates advanced stage disease, [14] MPEs cause debilitating breathlessness that requires palliation by nonsurgical treatment methods. [15] First-line treatment of MPEs includes chemotherapy aimed at tumor shrinkage and pleural fluid absorption. However, most NSCLC are or become chemoresistant. It has been found that an elevated level of VEGF contributes to angiogenesis and serous cavity effusions in cancer patients, [16] and formation of MPEs is associated with increased expression of vascular endothelial growth factor receptor by human lung cancer cells. [17] Since Avastin as a monoclonal antibody against VEGF has been developed for the treatment of NSCLC, whereas targeting the protein significantly inhibits the tumor growth, [18, 19] it is reasonable to consider that efficacy of Avastin in treatment of MPEs with the increased survival rate was presumably related to its property, an angiogenesis inhibitor directed against VEGF production. [20] [21] [22] This result could provide important clues to Avastin's role in such MPE management and thus may offer a new therapy optimization to facilitate absorption of pleural fluid.
Concentration-response curve of paclitaxel in the pleural fluid were observed over time courses within 72 hours in presence and absence of Avastin. In contrast to the curve response to the paclitaxel treatment, the curve for the combination therapy sharply went down at the initial time of 0.5 until 24 hours in the graph, suggesting that Avastin had the potential to accelerate diffusion of the anticancer drug in arriving to the targeting tissues. In PK analysis, the values for Cmax were similar with the variability of <10% between the 2 treatment approaches, indicating that a peak concentration of paclitaxel in the pleural fluid was not influenced for the drug reaching to a specified area in the thoracic cavity. [23] The observation provided a basis of the statistic for further PK measures in the patients being studied.
Biological half-life of a substance can be complex due to factors including accumulation in tissues and active metabolites. [24] A value of T 1/2 a of the anticancer drug paclitaxel in the pleural fluid was determined based on the consideration that volume of distribution of a medication is an important parameter for assessing how effective a given drug regimen is, particularly when a new approach is being tested. The result manifested a 5.5-fold decrease in the value of T 1/2 a in the paclitaxel/Avastin-treated patients as compared to the paclitaxel-treated ones, indicating that intervention of Avastin was beneficial for facilitating diffusion of paclitaxel in achieving the targeting tissues. Avastin inhibits growth of blood vessels and reduces vessel permeability within the tumor tissues by binding to VEGF. [25] We assume that the rapid distribution of paclitaxel referred to the change in vessel permeability, since the decreased permeability would be beneficial for the anticancer drug paclitaxel remaining within the target tissues. In terms of T 1/2 b value in the same samples, our result displayed a 3-fold increase in the value in the paclitaxel/Avastintreated patients as compared to the paclitaxel-treated ones, suggesting that the concentration of the chemotherapeutic drug paclitaxel may remain in a therapeutic level for a longer time. Since the elimination half-life refers to the speed at which the drug is eliminated through various bodily processes, [26] it is likely that the increase in extent of the half-life would promote the interaction between the anticancer drug and the tumor tissues. In support of the results on T 1/2 a and T 1/2 b, MRT of paclitaxel was determined by numerical data derived from the collected sample due to the fact that MRT of a drug often refers to the amount of time that a drug spends in the body. [27] Our result displayed a 2.4-fold increase in MRT in the paclitaxel/Avastintreated patients, suggesting that the combination therapy was superior to the single treatment of paclitaxel in extending the duration of the action of the anticancer drug in the targeting tissues. The observation on MRT was completely consistent with the results of T 1/2 a and T 1/2 b, supporting the promise that the combination therapy not only accelerated early movement of the chemotherapeutic drug paclitaxel within the pleural fluid but also prolonged the therapeutic time of the drug in the targeting tissues.
In association with the PK study, serum VEGF levels and a 24-hour urinary excretion rate for the patients were examined. The results showed that the VEGF level significantly reduced in the Avastin-treated patients, not only demonstrating the activity of Avastin and its therapeutic effect but also displaying the benefit of the low VEGF level in improving efficacy of paclitaxel. Since metabolism of this anticancer drug remained unchanged in presence and absence of Avastin, it supported the consideration that an actual content of paclitaxel left its site of action was similar in the duration of the 2 treatments applied for the patients. In other words, Avastin enhanced the therapeutic effect of the anticancer drug paclitaxel on the patients due to prolonging the time of the drug molecules remaining in the target tissues. However, the finding only served as information corresponding to systemic clearance rate of the chemotherapy drug in treatment of MPEs, since the renal excretion for the drug paclitaxel is less than 14% of the total administered dose. [28] Adverse events of drug responses were determined by according to the CTCAE v3.0. [29] Clinical manifestations and laboratory findings were compared between the patients who received the 2 approaches. Our results manifested that most of the treated patients had side effects ranked within the grades 1 to 2 except 1 in the paclitaxel/Avastin-treated patients having a low platelet count in the grade 3. The adverse events of low white blood cells and nausea/vomiting constituted a large-scale proportion in the study cohort with incidence of 50% and 38% in the paclitaxel-treated population and 50% and 50% in the patients who received the combination therapy. In contrast, there were no statistical differences in these clinical manifestations and laboratory findings between the presence and the absence of Avastin. These results led us to conclude that intervention with Avastin was feasible and safe in the process of treatment of MPEs. Paclitaxel has a significant clinical activity against a broad range of tumor types including lung cancer. [30] The antineoplastic agent interferes with the growth of both cancer cells and normal body cells, which are eventually destroyed with occurrence of some unwanted effects. [31] Since these side effects observed were common and not serious for the patients taking paclitaxel, it is conceivable that intervention of Avastin not only intensified the treatment effect of the anticancer drug in the patients but also shortened hospitalization time with reduced hospital costs.
In this study, we investigated efficacy of paclitaxel, in combination with Avastin, in treatment of MPEs, showing that intervention of Avastin was superior to paclitaxel used alone in improving treatment efficacy and survival rates. However, further studies regarding the effect of the combination therapy are needed to be acknowledged in a large cohort of the patients with MPEs. Taken together, this study indicates that a combination therapy of paclitaxel and Avastin enhances efficacy in treatment of MPEs and a survival rate of the patients through inhibiting VERF production and prolonging the duration of the action of the anticancer drug in the targeting tissues.
